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Saudi Journal of Ophthalmology (2012) 26, 277–282Pediatric Ophthalmology UpdateOrbital trapdoor fracturesLaura T. Phan, MD a; W. Jordan Piluek, MD b; Timothy J. McCulley, MD a,c,⇑AbstractOrbital trapdoor fractures are commonly encountered in children. Awareness of trapdoor fractures is of particular importance. This
is because early recognition and treatment are necessary to prevent permanent motility abnormities. In this article, we will provide
a brief overview of orbital fractures. The clinical and radiographic features of trapdoor fractures will then be reviewed, followed by
a discussion on their proper management.
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Orbital fractures are classified in three categories. They
are orbital rim fractures, comminuted orbital wall fractures
and trapdoor orbital wall fractures. A basic understanding
of the various types of orbital fractures and their mechanism
provides the framework with which to discuss trapdoor
fractures. Management of patients with non-trapdoor frac-
tures is beyond the scope of this article and will not be
addressed.Orbital rim fractures
Rim fractures invariably involve at least two separate loca-
tions (Fig. 1). The mechanism being that if the rim breaks at
one point a second fracture occurs remotely at the location
upon which the displaced bone pivots. This might be on
the same rim (Fig. 1a). This most commonly occurs when
the rim is struck focally with a hard object, such as a crow
bar or steering wheel. Often with fractures such as these,Peer review under responsibility
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More commonly, fractures involve more than one rim. A
‘‘tripod’’ or ‘‘zygomatic complex (ZMC)’’ fracture involves
three fracture points including orbital rims: the inferior
rim, the lateral rim and the zygomatic arch (Fig. 1b). There
are three types of Le Fort fractures that involve the orbital
rims, characterized by posterior extension through the pter-
ygoid plates. They are defined as follows. A Le Fort I frac-
ture is a horizontal fracture of the alveolar process of the
maxilla. The fracture lies inferior to and does not involve
any of the orbital bones. In a Le Fort II fracture, the maxilla
is separated from the facial skeleton in a pyramidal shape.
The fracture extends through the inferior orbital rim, the
orbital floor, the medial orbital wall and onto the nose
through the medial orbital rim. A Le Fort III fracture is also
referred to as craniofacial disjunction. Involved orbital
bones include the lateral orbital rim, lateral orbital wall,
orbital floor, medial orbital wall and medial orbital rim.
Fig. 1c illustrates the three types of Le Fort fractures.
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Figure 1. Diagram of fractures involving the orbital rim. (A) Isolated orbital rim fractures: on the right orbit is an example of a lateral rim fracture, and on
the left is an inferior rim fracture. (B) Tripod fractures involve the inferior and lateral orbital rims as well as the zygomatic arch. (C) There are three types of
Le Fort fractures. Type I (single arrowhead) does not involve the orbits. Type II (double arrowhead) extends through both the medial and inferior orbit
walls. Type III (triple arrowhead) extends from the medial wall to the lateral wall via the floor of the orbit.
278 L.T. Phan et al.common and relate to the specific nature of the fracture.
Their assessment and management are beyond the scope
of this article.
Comminuted orbital wall fractures
Comminuted fractures of the orbital wall are the most
common type of isolated orbital fractures and are character-Figure 2. Comminuted fracture in an adult. (A) Obvious enophthalmos (left e
soft tissue, demonstrated on computed tomography (B).ized by displaced chips of bone (Fig. 2). The classic ‘‘blow-
out’’ fracture occurs when pressure on the eye and
surrounding soft tissue is transmitted to the orbit causing
outward fracturing of the wall.1 The wall may also ‘‘buckle’’
when sufficient force is applied to the rim. Pure forms of
‘‘blowout’’ and ‘‘buckling’’ fractures exist, but a large num-
ber are likely due to a combination of the two means.1–3
Regardless of mechanism, motility abnormalities may occur.ye) results from a large defect in the orbital floor with prolapse of orbital
Trapdoor fractures 279Extraocular muscles can be displaced within the defect or
‘‘hung up’’ on the edge of fractured bone, either of which
may cause dysfunction of the muscle. Fortunately, there is
no hurry in repairing such fractures. Numerous studies have
suggested that equivalent results are achieved with urgent
(within a few days) or late (up to months following injury) re-
pair.4–6 This is in stark contrast to trapdoor fractures, which
are discussed next.
Trapdoor fractures
Orbital trapdoor fractures are most common in children
and are defined by the lack of displacement of the involved
bones. Trapdoor fractures go by a number of names. In
1998, Jordan et al. provided the first in depth look into
orbital trapdoor fractures.7 They proposed the name
‘‘white-eyed blowout’’ fractures, reflecting the fact that many
patients had little to no ecchymosis. Others have simply used
the descriptive name ‘‘linear non-displaced’’ fractures.
Trapdoor fractures result from an acute transient increase
in orbital pressure. A linear orbital wall fracture is created. A
flap of bone is then outwardly displaced, which immediately
returns to its original position. This mechanism is dependent
on ample bone elasticity, characteristic of children’s bones.
Children’s bones are composed of a higher proportion of
osteocytes than osteoblasts and thus a smaller amount of cal-
cified osseous tissue, allowing them to be more pliant and
less brittle. In contrast, the less elastic nature of adult bone
is more likely to result in comminuted fractures. Soft tissue
may or may not be ensnared within the trapdoor fracture. If
an extraocular muscle or associated connective tissue is en-
trapped, the muscle is unable to fully contract, leading to re-
duced duction in the direction of the fracture (infraduction in
most cases). Often more striking is restriction with attempted
duction opposite the fracture (supraduction in most cases).
Fig. 3 illustrates the extraocular motility of a patient with a
typical trapdoor fracture. Timely release of entrapped tissue
is vital to prevent permanent abnormal motility, presump-
tively related to tissue ischemia, scarring and contraction.Figure 3. Trapdoor fracture in a teenage male. Note that there is mild swell
orthophoric in primary gaze (B) and there is moderate limitation of infraductio
motility is the hallmark of pediatric trapdoor fractures. Computed tomography
that the inferior rectus muscle is located inferior to the orbital floor.Demographics (age and gender)
Trapdoor fractures are seen almost exclusively in children
and very young adults. With age, bones become more brittle
and no longer snap back, forming comminuted fractures. In
most larger series, no adults are identified. In Jordan’s paper,
twenty patients with ‘‘white-eyed blowout’’ fractures were
described, where ages ranged from four to eighteen years
of age. No adults were identified.7 In a series of 18 patients
described by Neinstein et al. ages ranged from eight to six-
teen years of age.8 In a series of ten patients with trapdoor
fractures by Grant et al. all were children with the oldest at
sixteen years of age.9
Although much less common, trapdoor fractured can oc-
cur in adults. In one series, 57 of 58 patients with trapdoor
fractures were children.10 The age of the one adult patient
was not provided though. In 2006, Kakizaki et al. docu-
mented a patient with a trapdoor fracture who was 28 years
old.11 More recently, Parbhu et al. reported a series of pa-
tients with trapdoor fractures, with the oldest being 25 years
of age.12 In 2009, Kum et al. described a patient who devel-
oped a trapdoor fracture at 37 years of age, well beyond
young adulthood.13 One series contained a disproportionally
high percentage of adult patients with trapdoor fractures:
three of ten patients were over the age of eighteen years.14
Awareness that trapdoor fractures can occur in adults is
important. Delay in diagnosis and treatment is likely to result
in permanent abnormalities in motility.15
As with most forms of trauma, pediatric orbital fractures
are more commonly encountered in males than females. Hat-
ton et al. looked at types of orbital fractures seen in 96 pa-
tients 17 years of age and younger.16 Eighty-one percent
were male. In a series of 45 children authored by Cope
et al. 36 (80%) were boys.17 In Chi’s review of 733 patients
with orbital fractures, 549 (75%) were male. In the authors’
experience at least 75% of children presenting with orbital
fractures of all kind are male. Although not proven, this al-
most certainly reflects differences in risk taking behavior
and not an anatomic predisposition in boys.ing and ecchymosis. There is marked limitation of supraduction (A), he is
n (C). Marked abnormal external findings with the exception of abnormal
demonstrates a non-displaced fracture of the right orbital floor (D). Note
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A precise determination of the population based inci-
dence of orbital trapdoor fractures has not been undertaken.
However, the occurrence rate of facial trauma has been
looked at in pediatric populations. In general, facial fractures
are relatively uncommon in children.18 Of pediatric patients
with facial fractures, the proportion which involves the orbit
has ranged widely from as low as 3% to approaching
50%.18–21
There is a number of case series which provide the propor-
tion of fractures in a pediatric cohort that were trapdoor type
fractures, with widely variable results. In 1998, De Man et al.
reported a series of orbital fractures: 14 of 15 children had
trapdoor fractures (93%).22 In a large series by Chi et al. 57
of 144 (40%) pediatric patients with orbital fractures had
trapdoor type fractures. In one study the proportion of
patients with trapdoor fractures was shown to decrease with
age even in the pediatric patient.17 Eight out of thirty-four
(24%) patients eighteen years of age and younger were
reported to have trapdoor fractures by Bansgi et al.26
It should be noted that many studies assessing orbital frac-
tures also looked at those patients that required surgery. This
might overestimate the proportion with trapdoor fractures,
as when motility is abnormal surgery is uniformly recom-
mended. In contrast, with no bony abnormalities on imaging
and lacking external signs of trauma, many trapdoor fractures
without muscle entrapment are surely overlooked. What we
do know is that the proportion of patients with orbital trauma
who develop trapdoor fractures decreases with age. In youn-
ger children, up to 90% of clinically apparent orbital fractures
might be trapdoor fractures. This percentage decreases with
advancing age with a distinct drop-off around eighteen years
of age. Occurrences may happen in adulthood; however, no
more than a handful of patients have been reported with
trapdoor fractures after the age of 30 years.Clinical features
No clinical or radiographic finding is uniformly present in
all patients with orbital trapdoor fractures. Patients can be di-
vided broadly into two groups: those with and those without
tissue incarcerated within the fracture. Those without tissue
incarceration will have normal motility and minimal to no
abnormal radiographic findings. Therefore trapdoor fractures
without muscle entrapment are without consequence, and
presumably in many cases go undetected. Those with tissue
incarceration will have abnormal motility if an extraocular
muscle or connective tissue associated with the muscle is in-
volved. Those patients with muscle entrapment are the ones
of clinical concern.
In patients with orbital trapdoor fractures with an en-
trapped muscle, no clinical or radiographic finding other than
abnormal motility may be apparent. Motility is usually limited
in both the direction toward and opposite the fracture. The
patient in Fig. 3 exemplifies this. The limitation opposite en-
trapped muscle is in most cases significantly more limited.
Although the vast majority of patients seen and described
in the literature have trapdoor fractures of the orbital floor,
trapdoor fractures of the medial wall also occur. In 2004,
McCulley et al. described two patients with medial wall trap-
door fracture with entrapment of the adjacent medial rectusmuscles.23 In 2006, Kakizaki et al. described an additional pa-
tient.24 In these patients, horizontal ductions were reduced,
abduction to a greater degree than adduction. It is important
to stress that abnormal motility may be the only significant
finding. Proper evaluation of motility in any child that has suf-
fered orbital trauma is essential.
When present, abnormal findings are often subtle making
many trapdoor fractures very difficult to diagnose. Jordan
et al. coined the term ‘‘white eyed blowout fracture’’ to de-
scribe trapdoor fractures.7 This emphasizes the common lack
of external signs of trauma, which may decrease clinicians’
level of suspicion of serious injury. The patient illustrated
in Fig. 3 has minimal edema and ecchymosis. This lack of
external signs of trauma often misleads physicians into under-
estimating the seriousness of the injury. Presumably with
comminuted fractures, blood vessels are more likely to be
severed with larger displaced pieces of bone as opposed
to the non-displaced bone of the smaller linear fractures seen
with trapdoor fractures.
Enophthalmos is also not expected or seen in patients with
isolated trapdoor fractures. Without bony displacement,
there is no soft tissue displacement. The minimal amount that
may lie below the bone is negligible. Without significant soft
tissue displacement, there is no enophthalmos. This is advan-
tageous in one sense; however, the lack of enophthalmos
contributes to trapdoor fractures being overlooked.
A clinical finding that may be helpful if identified is an ocu-
locardiac reflex. This was first described in 1998 by Sires et al.
They described bradycardia, nausea and vomiting in a small
series of patients stimulated with ocular motility.25 This has
been substantiated by a number of investigators. In 2000,
Bansagi and Meyer analyzed a cohort including eight patients
with trapdoor fractures: five had nausea and vomiting with
extraocular motility.26 In 2003, Cohen and Garrett described
a series of patients that included fifteen patients with trap-
door fractures: six had nausea and vomiting with motility.27
In 2010, Jackson described a single case with documented
bradycardia.28
The oculocardia reflex has several relevancies. First, it may
serve as a diagnostic tool. Identification of signs and/or symp-
toms of a vasovagal response with ocular motility should raise
one’s suspicions of muscle entrapment. Second, recognition
of an oculocardiac reflex is important due to the potential
dangers of bradycardia and even heart block. Lastly, the
oculocardiac reflex may make diagnosis more difficult. In
children, the symptoms which include nausea and lighthead-
edness may reduce cooperation, compounding the difficulty
of accurately assessing the motility of a young child.Radiographic findings
Radiographic abnormalities may be subtle or completely
lacking in extreme cases.8,29,30 By definition, the bone sur-
rounding the fracture is not significantly displaced. Depend-
ing on the resolution of the scan, the bony abnormality may
not be detected. It is because of this that when a trapdoor
fracture is suspected, attention should be directed toward
the orbital soft tissue. Fig. 4 illustrates subtle findings that
may be present. Signs of a fracture, such as blood in the adja-
cent sinus or air in the orbit, should be noted (Fig. 4A). A
small clump of soft tissue lying below outside the orbit may
represent entrapped orbital soft tissue (Fig. 4B). This finding
Figure 4. Radiographic findings in orbital trapdoor fractures. (A) An adult male patient presented with clinical finding consistent with a left trapdoor
fracture. The only radiographic evidence of a fracture was a couple small pockets of air adjacent to the inferior rectus muscle. (B) In this non-displaced left
orbital trapdoor fracture, soft tissue is seen inferior to the orbital floor. This has been nicknamed the ‘‘tear-drop’’ sign. (C) In this CT of a right medial
trapdoor fracture, the bony defect is not obvious. However, the location of the right medial rectus muscle is not normal. The muscle is not in the orbit, but
rather can be found in the adjacent ethmoid air cell. (D) In this patient with a right inferior trapdoor fracture, the most obvious abnormality is a change in
the shape of the right inferior rectus muscle.
Trapdoor fractures 281has been nicknamed the ‘‘tear-drop sign’’. The location of
the offending muscle should be noted. In extreme cases
the muscle may be seen lying within the sinus (Figs. 3D and
4C). In more subtle cases, the size or shape of the muscle
may be altered (Fig. 4d). This occurs when a portion of the
muscle is entrapped. When associated connective tissue is
all that is incarcerated, all that may be seen is rounding of
the muscle.
When ordering imaging, it is important to communicate
with the radiologist who assesses the images. Attention not
only to the bone, but to the orbital soft tissue, should be
stressed. Any asymmetry should be considered as possible
evidence of a trapdoor fracture.Management
In short, orbital trapdoor fractures with muscle entrap-
ment should be treated urgently to prevent tissue ischemia
and permanent diplopia. Several reports have suggested that
a superior outcome is achieved when surgical intervention is
performed within days of injury. Jordan et al. found that time
to surgical intervention was critical, with earlier surgical repair
yielding better clinical outcomes.7Bansagi and Meyer simi-
larly reported improved outcomes with early intervention.
26 In an assessment of nineteen patients, Grant and col-
leagues found that ‘‘early intervention was associated with
better postoperative function.’’9 Taken together, improved
short and long-term outcomes have been well established
with early (within a few days of injury) surgical repair of mus-
cle entrapment in trapdoor fractures.
Surgical technique specifics vary. All have the commonality
of releasing entrapped soft tissue from the fracture. After
releasing tissue, if the bone remains in a normal position,
no implant is required. Often the act of freeing the edema-
tous orbital soft tissue requires enlarging the fracture. In such
cases, an implant is placed over the defect in the orbital wall.
This does not differ from the repair of comminuted adult frac-
tures. The specifics will vary based on the surgeon’s personal
preferences.Summary
Orbital trapdoor fractures are most commonly encoun-
tered in the pediatric population. Blunt orbital trauma results
in a non-displaced linear fracture of the orbital floor and less
commonly the medial orbital wall. Orbital soft tissue may be
incarcerated in the fracture, resulting in limited ocular motil-
ity. Clinical and radiographic findings are often minimal or
lacking, leaving the motility evaluation as the primary diag-
nostic tool. Urgent repair is indicated to prevent permanent
loss of muscle function.Financial support
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